Bacterial lipopolysaccharides, after intravenous injection into mice, produce a complex series of changes in reticuloendothelial activity. One characteristic feature of these lipopolysaccharideinduced changes is the presence of a biphasic cycle of activity. This has been found to consist usually of a phase of depression followed by a period of enhanced activity. Such a biphasic pattern has been shown to apply to the phagocytic index (K; references 1, 6), metabolic activities of macrophages (15), and host resistance to infection (3, 9, 12) . In addition, similar alterations have been demonstrated in the numbers of plaqueforming cells (8) and in the migration of "lymphoid" cells (4).
Injection of lipopolysaccharide from Escherichia coli intravenously into mice affected the ability of their peritoneal macrophages to adsorb antisheep erythrocyte cytophilic antibodies in vitro. After a single intravenous injection of lipopolysaccharide, the alteration in antibody uptake took the form of a triphasic response. An early evanescent increase in adsorptive capacity took place, which reached a maximum 5 min after injection and was followed immediately by a phase of depressed uptake of antibody. Enhancement of antibody uptake then increased to reach a maximum about 24 hr after injection, before declining slowly. The second enhancement phase was inhibited by prior immunization with E. coli or after multiple injections of lipopolysaccharide. Exposure of macrophages to lipopolysaccharide in vitro did not alter their capacity to take up cytophilic antibody. Changes in the capacity of macrophages and polymorphonuclear neutrophil leukocytes to adsorb opsonized erythrocytes were induced by injection of lipopolysaccharide and were similar to those induced with respect to the uptake of cytophilic antibodies by macrophages.
Bacterial lipopolysaccharides, after intravenous injection into mice, produce a complex series of changes in reticuloendothelial activity. One characteristic feature of these lipopolysaccharideinduced changes is the presence of a biphasic cycle of activity. This has been found to consist usually of a phase of depression followed by a period of enhanced activity. Such a biphasic pattern has been shown to apply to the phagocytic index (K; references 1, 6), metabolic activities of macrophages (15) , and host resistance to infection (3, 9, 12). In addition, similar alterations have been demonstrated in the numbers of plaqueforming cells (8) and in the migration of "lymphoid" cells (4) .
In the course of investigations into the uptake of antisheep erythrocyte cytophilic antibodies by mouse peritoneal macrophages, it was observed that bacterial lipopolysaccharide influences this uptake. Investigations were therefore undertaken to study the conditions under which this alteration in antibody uptake occurs.
MATERIALS AND METHODS Animals. Balb/c mice of both sexes, weighing between 20 and 25 g and reared in this laboratory, were used.
Antigens and antisera. Sheep erythrocytes from a Clun Forest sheep, blood group ii, were obtained at weekly intervals and stored at 4 C in acid-citratedextrose before use. Antiserum containing cytophilic antibodies was obtained by bleeding mice 6 days after the second of two monthly intraperitoneal injections of 2 X 109 sheep erythrocytes.
Bacterial lipopolysaccharide. Difco Escherichia coli 024:B6 prepared by the method of Westphal et al. (13) was stored and used in a stock solution of 200 jug/ml in phosphate-buffered saline (pH 7.2).
Preparation of cell monolayers: peritoneal macrophages. Normal mice were killed by dislocation of the neck. The abdomen was swabbed with 75% ethanol and the skin was reflected. A 4-ml amount of sterile Hanks balanced salt solution was introduced into the peritoneal cavity, gently agitated, and withdrawn. Drops of this suspension were placed in wax rings on microscope slides. Monolayers formed after incubation at 37 C for 1 hr. Mug per g of body weight. (Fig. 1) .
To determine the effect of multiple doses of lipopolysaccharide, three groups of eight mice each of the same age and sex were used. Animals received one to seven injections of lipopolysaccharide (1 ,g per g of body weight) given at daily (11) .
To determine whether the changes detected in the adsorption of cytophilic antibodies were restricted to that form of adherence reaction and to macrophages alone, the uptake of opsonized 54 .0.0 Macrophages from treated mice were tested for alterations in opsonic adherence at the same time as they were tested for changes in adsorption of cytophilic antibodies. Changes in rosette formation on PMN were detected by using blood from three groups of seven mice. The animals within each group were tested simultaneously. Time course of the response to a single dose of lipopolysaccharide. A triphasic response was seen in the ability of peritoneal macrophages to adsorb opsonized erythrocytes. It is possible that a similar response also occurred with PMN, but because of the marked leucopenia induced by intravenous lipopolysaccharide the initial phases of the reaction could not be demonstrated (Table   5 ).
Response to different doses of lipopolysaccharide. Enhancement of uptake of opsonized erythrocytes by macrophages tended to attain a maximum when a dose of lipopolysaccharide of 2.5 ,ug per g of body weight was reached (Fig. 1) .
The uptake of opsonized erythrocytes by macrophages was affected in an identical manner to the uptake of cytophilic antibodies (Table 3) . Namely, rosette formation was inhibited by multiple doses of lipopolysaccharide.
Investigations into the mechanism of lipopolysaccharide-induced enhancement of antibody uptake by peritoneal cells. There was no significant change in the size, distribution, and numbers of peritoneal cells in lipopolysaccharide-treated mice. The only exception to this was found in animals which had received multiple intravenous injections of lipopolysaccharide. These animals showed splenomegaly and an increased number of peritoneal macrophages. Since bacterial lipopolysaccharides are known to cause an increase in antibody levels in serum, presumably by stimulating the release of preformed antibody from antibody-producing cells (5, 8, 10) , it was considered important to determine the influence which released antibody might exert on enhancement of cytophilic antibody uptake by macrophages induced with lipopolysaccharides. To test this, use was made of a group of four mice which had received 3 X 109 sheep erythrocytes intraperitoneally 8 weeks before testing. These mice received lipopolysaccharide (1 Mug per g of body weight) intravenously 24 hr prior to testing the capacity of their macrophages to adsorb cytophilic antibody. Enhancement of antisheep erythrocyte cytophilic antibody uptake in these mice was no greater than the enhancement found in normal control mice given lipopolysaccharide only (Table 4) , although the titer of antisheep erythrocyte hemagglutinins and opsonic adherence antibodies in the pooled sera of mice given sheep erythrocytes rose by one dilution (fourfold). A second group of four mice received 1.5 X 108 sonically disrupted E. coli (laboratory strain 1818A) by intravenous injection 5 and 6 months before testing. When tested 24 hr after lipopolysaccharide administration, the macrophages of these mice were found to exhibit depressed adsorption of antisheep erythrocyte cytophilic antibodies (Table 4) .
Effect of bacterial lipopolysaccharide on mouse peritoneal cells in vitro. To determine whether the action of bacterial lipopolysaccharide on the uptake of cytophilic antibodies was due to its presence at, or in the vicinity of, the cell receptor while binding occurred, the effect of the presence of lipopolysaccharide during the cytophilic antibody test was investigated. (14) demonstrated that mouse peritoneal macrophages undergo a triphasic response in their anaerobic glycolytic activity after an intravenous injection of Salmonella enteritidis or Shigella dysenterae endotoxin. This response consisted of two periods of enhancement, 1 and 24 hr, and a period of depression which reached a maximum 8 to 16 hr after a single dose of 5 jig of endotoxin. Because of differences in the type and dose of lipopolysaccharide involved, comparison is not possible with the experimental results reported here. It is possible that some of the biphasic responses reported to result from endotoxin administration will be found to be triphasic on closer examination. The lack of information on an early increase in cellular activity may be due to its evanescent nature and a failure to investigate the period concerned.
In the first experiment reported here (Table 1) , macrophages derived from lipopolysaccharidetreated animals adsorbed approximately 16 times as much cytophilic antibody as macrophages from normal mice. This suggests that macrophages from normal mice only adsorb a small proportion of the cytophilic antibody present in serum. This is not a new finding, since the exergonic nature of antibody adsorption (11) and inhibition of antibody uptake by competition with "nonspecific" cytophilic immunoglobulins (7, 11) have indicated that in vivo a greater proportion of cytophilic antibodies must exist free in serum rather than fixed to cells.
Nevertheless, it is probable that much of the antibody adsorbed by lipopolysaccharide-treated cells, but not by normal macrophages, is not usually available to receptors on normal cells.
When 0.1 ml of serum with a rosette-forming titer of 1: 256 was absorbed with 105 normal macrophages, it showed a reduction in rosetteforming titer of 1:64. A second identical absorption reduced the titer to 1:16. These results suggested that these normal macrophages could take up 75% of the available rosette-forming activity.
Therefore, it seems that lipopolysaccharide treatment, by increasing receptor avidity, makes a greater amount of cytophilic antibody available for rosette formation than is available to normal cells.
A factor which has been reported to cause alterations in rosette-forming capacity of macrophages is the amount of "nonspecific" cytophilic immunoglobulin available to compete for receptors with specific antibody (7, 11) . From the results presented here, it appears that the depression of rosette formation seen early after multiple doses of lipopolysaccharide and that seen 30 min after administration of lipopolysaccharide may be due to this phenomenon. Administration of lipopolysaccharide is known to cause an increase in antibody levels in serum (5, 8, 10) , and such an increase may result in competitive inhibition of rosette formation. Inhibition of rosette formation in mice previously "immunized" with lipopolysaccharide and possibly in animals which had received multiple doses of lipopolysaccharide may be due to the neutralization of lipopolysaccharide by antibodies.
In the lipopolysaccharide-treated animal, changes in the surface properties of both macrophages and PMN such as are reported here may have significant effects upon the distribution of immunoglobulin in the body and in the partition of cytophilic immunoglobulins between the cellbound and free states. Investigations into these effects and the nature of the changes in antibody uptake are in progress. 
